Introduction
============

The human transcriptome is very complex and diverse. A considerable portion of the mammalian genome can be transcribed into noncoding (nc)RNAs, rather than coding RNAs [@B1]. ncRNAs represent two broad categories: housekeeper ncRNAs, which include the ribosomal (r)RNAs, transfer (t)RNAs, small nuclear (sn)RNAs and small nucleolar (sno)RNAs; and regulatory ncRNAs. The regulatory ncRNAs are further classified according to the length of the nucleotide fragment, with the small ncRNAs having transcript lengths of less than 200 nucleotides, such as microRNAs (miRNAs), piwi-interacting (pi)RNAs and small interfering (si)RNAs, and the long noncoding (lnc)RNAs having transcript lengths of more than 200 nucleotides [@B2].

Among the lncRNAs, circular (circ)RNAs are a group of naturally occurring endogenous ncRNAs having transcript lengths of hundreds to thousands of nucleotides. The first evidence of circRNAs was reported in 1976, of RNA virus viriods−the uncoated infectious RNA molecules pathogenic to certain higher plants that exist as single-stranded covalently closed circular RNA molecules [@B3]. Since then, circRNAs have been found in mice, rats, fungi and humans [@B4]-[@B9]. At that time, however, these transcripts, detected at low abundance, were considered merely splicing errors [@B3]. Nevertheless, the recent robust development of second-generation sequencing techniques and bioinformatics has allowed researchers to confirm that there are many types of circRNAs with high stability in humans and to begin detailed investigations into their various functions [@B2].

Today, the majority of discovered circRNAs have been shown to originate from exons in the coding region of a gene, with others originating from the 5\'- or 3\'-untranslated regions (5\'-UTRs or 3\'-UTRs), introns and intergenic regions, as well as from antisense RNAs [@B10] . Accordingly, the circRNAs have been classified into four categories: exonic circRNAs, circular RNAs from introns, exon-intron circRNA, and intergenic circRNAs (**Figure [1](#F1){ref-type="fig"}**). In contrast to linear RNAs, circRNAs form a special circular covalently bonded structure without the 5\'-terminal cap structure and 3\'-terminal poly A, which renders a stronger tolerance to exonucleases and consequent stability in the cytoplasm, leading to relatively high abundance and prompting more research interest [@B2].

The rapid development of RNA sequencing technology and bioinformatics has led to a plethora of diverse circRNAs being investigated and characterized as regulators of physiological conditions and developmental stages [@B11]. The myriad functions recognized for the circRNAs now include sequestering proteins from their native subcellular localization, regulating parental gene expression, and RNA-protein interactions. In addition, a role as miRNA sponges has been discovered [@B12], a function by which the circRNAs may serve as competitive endogenous RNAs (ceRNAs) to affect gene expression by binding to and preventing target miRNAs from regulating their downstream target genes (**Figure [2](#F2){ref-type="fig"}**). In addition, many of the circRNAs have been implicated in pathogenic pathways of common diseases, such as atherosclerosis and nervous system disorders [@B13].

Recent studies have also revealed that circRNAs are differentially expressed in several human tumors and play indispensable roles in cancer pathogenesis, namely in carcinogenesis and metastasis [@B13]-[@B15]. As such, circRNAs have clinical potential for cancer risk assessment, diagnosis, prognosis and monitoring of treatment response, and may even serve as targets for cancer treatment. Herein, we review the most recently published circRNAs related to cancers, including gastric cancer, hepatocellular carcinoma, lung cancer, colorectal cancer and bladder cancer, providing evidence for the impact of circRNAs on various cancer types. The potential significance of these circRNAs in cancer diagnosis, prognosis and therapy is discussed in the context of the various molecular mechanisms underlying their regulatory roles in cancer pathogenesis.

CircRNAs in Gastric Cancer
==========================

Gastric cancer is the fourth most common malignant tumor and the third leading cause of cancer death worldwide [@B16]. Development of extensive radical surgery has increased the overall survival rate of gastric cancer patients; unfortunately, the diagnosis of many gastric cancer patients occurs in the advanced disease state, after the best opportunity for radical surgery has passed [@B17]. Thus, foremost aims of gastric cancer research currently are improving survival through earlier diagnosis and effective targeted therapy in all stages. The evidenced involvement of circRNAs in the development of gastric cancer has led to their classification as candidate diagnostic markers or therapeutic targets.

Valuable markers for diagnosis and prognosis of gastric cancer
--------------------------------------------------------------

Recently, Li et al [@B13] found that hsa_circ_002059 was markedly down-regulated in gastric cancer tissues and plasma, in a study of 101 gastric cancer tissues with paired adjacent nontumorous tissues and 36 paired plasma samples from preoperative and postoperative patients. The lower expression level of the circRNA in gastric cancer tissues was further found to be significantly correlated with distant metastasis, tumor-node-metastasis (TNM) stage, sex and age by one-way analysis of variance (ANOVA) (**Table [1](#T1){ref-type="table"}**), suggesting the potential of hsa_circ_002059 as a new stable diagnostic biomarker for gastric cancer [@B13]. In a later study by another group, Li et al [@B18] found that low expression of hsa_circ_104916 in gastric cancer tissues was also associated with higher tumor stage and more frequent lymph node metastasis in patients with gastric cancer.

Another research group demonstrated that hsa_circ_0001649 expression was significantly down-regulated in gastric cancer tissues, which however was significantly up-regulated after the therapeutic surgery [@B19]. Further analysis demonstrated the diagnostic value of this marker for the early detection of gastric cancer [@B19]. Similarly, Shao et al [@B20] found that circRNA hsa_circ_0014717 was significantly down-regulated in 77.2% of gastric cancer tissues and that its expression level in gastric cancer tissue is negatively correlated to tumor stage, distant metastasis and tissue expression levels of the routinely used tumor markers carcinoembryonic antigen and carbohydrate antigen 19-9. In addition, hsa_circ_0014717 was also detected in human body fluid [@B20], suggesting its potential for development as a convenient biomarker for gastric cancer screening **(Table [1](#T1){ref-type="table"})**.

Regulatory role in gastric cancer development
---------------------------------------------

Recent studies have elucidated circRNA-mediated molecular mechanisms responsible for gastric cancer. Zhang et al [@B21] discovered that the level of hsa_circ_100269 was down-regulated markedly while the expression of miR-630 was up-regulated in gastric cancer tissues. Furthermore, hsa_circ_100269 could directly interact with miR-630, thereby serving as a sponge to regulate the activity of miR-630 [@B21] (**Table [1](#T1){ref-type="table"}**), a newly discovered miRNA that is over-expressed in a variety of tumors and involved in cell invasion and metastasis [@B43]. Therefore, the down-regulation of hsa_circ_100269 in gastric cancer cells will promote cell growth by releasing the activity of miR-630 (**Figure [2](#F2){ref-type="fig"}**).

Similarly, by enquiry of the circBase, Li et al [@B18] selected hsa_circ_104916, a 651nt circular RNA molecule generated by back splicing of exons 1, 3, 4, 5, 6 and 8 of *NEK6*, a serine-threonine kinase involved in mitosis progression. Analysis of gastric tissues and cell lines showed down-regulated hsa_circ_104916 that was related to deeper invasion, higher tumor stage and more frequent lymph node metastasis in patients (**Table [1](#T1){ref-type="table"}**). Ectopic over-expression of hsa_circ_104916 was also found to effectively inhibit proliferation, migration and invasion of gastric cancer cells *in vitro*. The underlying mechanisms identified include hsa_circ_104916-mediated up-regulation of an epithelial molecule (E-cadherin) and down-regulation of mesenchymal molecules (N-cadherin and vimentin) and a zinc-finger transcriptional repressor (SLUG) that is active in pre-migratory neural crest cells during the epithelial to mesenchymal transition (EMT) of gastrulation[@B18]. Thus, hsa_circ_104916 may inhibit the migration and invasion of gastric cancer cells by inhibiting the EMT process (**Figure [2](#F2){ref-type="fig"}**), a pivotal cellular process in cancer metastasis [@B44]. However, the precise mechanism by which hsa_circ_104916 regulates the expression of EMT-related molecules remains unknown.

Nevertheless, current studies indicate that circRNAs, including hsa_circ_100269 [@B21] and hsa_circ_104916 [@B18], are involved in the molecular pathogenic pathway of gastric cancers. As both hsa_circ_100269 and hsa_circ_104916 are down-regulated in gastric cancer and consequently promote its pathogenesis, the over-expression of both circRNAs would have therapeutic potential for gastric cancer.

circRNAs and Hepatocellular Carcinoma (HCC)
===========================================

HCC is one of the most common malignancies in the world and has been extensively researched [@B45]. Over the past few decades, a large number of ncRNAs, including miRNAs and lncRNAs, have been shown to be involved in human HCC [@B46], [@B47]. The more recent studies have indicated that circRNAs are also involved in the pathogenesis of HCC, ultimately revealing many more valuable clues than expected, including the therapeutic potential of these large ncRNAs for HCC.

circRNAs as potential clinical diagnostic markers of HCC
--------------------------------------------------------

circRNAs may be expressed differentially in HCC tissues and normal hepatic tissues. Xu et al [@B22] found that the expression of ciRS-7 in HCC tissues was largely similar to that in matched nontumor tissues, with more than half of the HCC tissues examined showing slightly lower ciRS-7 expression. However, the instances of HCC tissue samples having high ciRS-7 expression coincided with significantly higher levels of hepatic microvascular invasion and alpha-fetoprotein, as well as younger age at diagnosis, compared with the HCC tissue samples expressing low ciRS-7. Furthermore, ciRS-7 was identified as an independent factor of hepatic microvascular invasion [@B22]. In another study, Shang et al [@B48] found that hsa_circ_0005075 was up-regulated in HCC tissues and that this differential expression was positively related to size of the HCC.

Down-regulated circRNAs have also been found in HCC tissues. For instance, an analysis of 89 paired samples of HCC and adjacent liver tissues showed that circRNA hsa_circ_0001649 was significantly down-regulated in HCC and positively related to tumor size; receiver operating characteristic curve analysis provided further support for the potential diagnostic value of circ_0001649 for HCC [@B15] (**Table [1](#T1){ref-type="table"}**). In other studies, the circRNAs hsa_circ_ITCH, hsa_circ_0005986, circMTO1 and hsa_circ_0004018 have been found to be significantly down-regulated in HCC compared to para-tumorous tissue [@B23]-[@B26]. Furthermore, lower expression of hsa_circ_0004018 was found to be correlated with serum alpha-fetoprotein level, as well as tumor diameter, differentiation and stage. Importantly, hsa_circ_0004018 expression demonstrated a HCC stage-specific feature among diverse chronic liver diseases [@B26], highlighting its potential sensitivity and specificity for the diagnosis of HCC (**Table [1](#T1){ref-type="table"}**).

Together, the set of circRNAs differentially expressed in HCC hold promise as valuable biomarkers for early diagnosis or prognosis for HCC.

Role and regulatory mechanism of circRNAs in HCC
------------------------------------------------

The studies published to date demonstrate that circRNAs could be involved in the development and progression of HCC by acting as sponges of oncogenic miRNAs [@B24]-[@B26], [@B49]. Such circRNAs would be abnormally expressed in HCC tissues. Indeed, circRNA ciRS-7 possesses more than 70 conventional binding sites and has been shown to function as a so-called \'super sponge\' for miR-7 [@B2], [@B50], a tumor suppressor that is often down-regulated and negatively correlated with growth and colony formation of many tumor types [@B51]. A recent study also showed that the ciRS-7 expression levels are significantly increased in HCC tissues and negatively related to the expression of miR-7 [@B27]. Moreover, knock-down of ciRS-7 was found to inhibit the proliferation and invasion of liver cancer cells through targeting of miR-7, resulting in increased expression of its target genes, namely *CCNE1* and *pik3cd* [@B27].

In contrast, Han et al [@B25] found that circMTO1 was significantly down-regulated in HCC tissues and the survival time of HCC patients with low expression of circMTO1 was markedly shortened. By using circMTO1 precipitation of RNA from HCC cells, the researchers identified miR-9 as the circMTO1-associated miRNA. Knock-down of circMTO1 or transfection of miR-9 mimics reduces the level of mRNA and protein expression of the tumor suppressor p21 in HCC cells. Therefore, circMTO1 suppresses HCC progression by acting as the sponge of oncogenic miR-9 to promote p21 expression, thereby regulating the expression of genes related to tumor cell proliferation and metastasis in HCC (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

circRNAs and Lung Cancer
========================

Lung cancer is the leading cause of cancer-related deaths worldwide [@B52]. Most cases present with advanced local invasion and/or distant metastasis at diagnosis [@B52]. Although continuous efforts have been devoted to improving therapeutic response and the treatments for lung cancer have demonstrated survival benefits, the overall 5-year survival rate of advanced lung cancer is still below 15% [@B53], highlighting the need for earlier diagnosis and the related timely application of treatment. Recent studies have revealed that circRNAs may be involved in the development of lung cancer, again providing potential diagnostic, prognostic and even therapeutic clues for lung cancer.

circRNAs as potential clinical diagnostic markers of lung cancer
----------------------------------------------------------------

Recently, Yao et al [@B28] reported that expression of circRNA hsa_circ_100876 was higher in non-small cell lung cancer tissues than in paired adjacent tissues, and that the up-regulation of hsa_circ_100876 had a close positive relation to lymph node metastasis and tumor stage. For the 101 total lung cancer patients (representing 51 diagnosed with squamous cell carcinomas and 50 diagnosed with adenocarcinoma) assessed, the overall survival time was significantly shorter for those who showed high expression of hsa_circ-100876 than for those with low hsa_circ_100876 expression [@B28]. In a similar study of 87 lung cancer patients, Li et al [@B30] showed that the expression of circ-ITCH was significantly decreased in lung cancer tissues compared with paired noncancerous tissues.

There are likely to be many more circRNAs involved in lung cancer pathogenesis than those defined to date. By using microarrays to screen tumor-specific circRNA candidates in lung adenocarcinoma tissue, Zhu et al [@B29] determined that 39 circRNAs were up-regulated and 20 were down-regulated. Among these candidates, hsa_circ_0013958 was further confirmed to be highly expressed in all lung adenocarcinoma tissues as well as in plasma of these patients. The level of hsa_circ_0013958 was also found to be closely positively related to TNM stage and lymph node metastasis. Receiver operating characteristic curve analysis confirmed the high specificity (0.796) and sensitivity (0.755) of hsa_circ_0013958 for lung cancer diagnosis [@B29]. Thus, a set of circRNAs involved in lung cancer may be developed to serve as an early noninvasive biomarker profile that will be valuable for of diagnosis and/or prognosis of lung cancer.

circRNAs function as miRNA sponges in lung cancer
-------------------------------------------------

The definitive mechanism of circRNAs involvement in lung cancer pathogenesis is their regulation of miRNA sponges, by which they mediate the expression of parental genes. It has already been confirmed that circRNA hsa_circ_100876 serves as the sponge for miR-136[@B28]. In addition, circRNA hsa_circ_0013958, which is up-regulated in lung cancer, interacts with the tumor suppressor miR-134 but does not affect its expression [@B29] (**Table [1](#T1){ref-type="table"}**). The possible effects of this demonstrated interaction include miR-134 inhibition of the development of lung cancer by down-regulation of its target gene, *CCND1* [@B54]. Similarly, circ-ITCH has been characterized as the sponge of miR-7 and miR-214, thereby promoting the expression of their target gene (*ITCH*) and indirectly inhibiting activation of the Wnt/β-catenin pathway and the proliferation of lung cancer cells [@B30]. As such, the antitumor effects of circ-ITCH in lung cancer may involve regulation of miRNA activity, which can increase the level of *ITCH* and cause suppression of the canonical Wnt/β-catenin pathway (**Figure [2](#F2){ref-type="fig"}**).

circRNAs and Colorectal Cancer (CRC)
====================================

circRNAs as potential biomarkers of CRC
---------------------------------------

CRC is one of the most common cancers and the leading cause of morbidity and mortality worldwide [@B55]. The 5-year survival rate of patients with early CRC is 90.1% but that of CRC patients with distant metastasis is only 11.7% [@B55]. CRC, as a major public health problem, continues to garner much research interest and a large number of CRC-related circRNAs have been identified. Current research is focused on defining the role of these various circRNAs in the development and progression of CRC.

It is reported that hsa_circ_BANP and hsa_circ_0000069 were significantly over-expressed in CRC tissues [@B31], [@B34], being positively correlated with patients\' TNM stage[@B34]. However, some circRNAs are down-regulated in CRC tissues. For example, the down-regulation of hsa_circ_001988 in CRC was found to be closely related to perineural invasion and differentiation [@B33]. hsa_circ_103809 and hsa_circ_104700 were also found to be down-regulated in CRC tissues compared with normal tissues. The expression level of hsa_circ_103809 was significantly negatively correlated with lymph node metastasis and TNM stage, while the expression level of hsa_circ_104700 was significantly correlated with distant metastasis [@B32]. These findings suggest that these dysregulated circRNAs might serve as potential biomarkers for CRC (**Table [1](#T1){ref-type="table"}**).

circRNA regulatory roles in CRC
-------------------------------

The dysregulated CRC-related circRNAs promote tumor progression and/or metastasis by serving as sponges for miRNAs. Among the circRNAs up-regulated in CRC tissues, hsa_circ_0000069 was shown to promote proliferation, invasion and migration of CRC cells; loss-of-function analysis showed that silencing of hsa_circ_0000069 had the opposite effect, significantly inducing the cell cycle arrest of G0/G1 phase in CRC cells cultured *in vitro* [@B34]. Similarly, ciRS-7, which is up-regulated in neuroblastoma, astrocytoma, renal cell and lung carcinomas [@B35], [@B56] as well as CRC tissues [@B35], was shown to be a competing endogenous RNA of the tumor suppressor miR-7, capable of binding up to 73 copies of the miRNA [@B50]. Excessive ciRS-7 can disrupt normal miR-7 function, promoting aggressiveness in CRC cells and mediating activation of the EGFR/RAF1 pathway by competing for miR-7[@B35].

More recently, Xie et al [@B36] determined that hsa_circ_001569 was markedly up-regulated in CRC tissues and promoted the proliferation and invasiveness of CRC cells by targeting miR-145. The miR-145 has been reported to be a tumor suppressor gene implicated in prostate cancer and renal cell carcinoma [@B57]-[@B59]. Therefore, hsa_circ_001569 might competitively bind and inhibit the activity of miR-145, leading to increased expression of miR-145 targets (*E2F5, BAG4* and*FMNL2*) [@B36] and promoting the proliferation of CRC cells (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

circRNAs may be down-regulated in CRC tissues to exert the same protumor activity as those up-regulated in CRC tissues. circ-ITCH spans multiple exons of the ubiquitin protein ligase (E3; ITCH) and harbors several miRNA binding sites, interacting with miR-7, miR-17, miR-214, miR-128 and miR-216b which bind to the 3\'-UTR of *ITCH* [@B2], [@B50]. The targets of ITCH include *p63*, *p73* and *Notch1*, which are often associated with tumor formation and chemosensitivity[@B60]. Recently, Huang et al [@B14] showed that circ-ITCH plays a significant role in CRC by regulating the Wnt/signaling pathway. The authors also found that circ-ITCH expression was usually down-regulated in CRC, as compared to para-cancerous tissues. Mechanism experiments further indicated that circ-ITCH acts as an antitumor agent by serving as the sponge of miR-7 and miR-20a, which inhibits the canonical Wnt/pathway and the expression of *c-myc* and *cyclinD1*, consequently inhibiting the proliferation of CRC cells (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

CircRNAs in Bladder Cancer and Other Cancers
============================================

Bladder cancer is a common malignancy of the urinary system and a substantial cause of cancer deaths worldwide [@B31]. High recurrence rate is a typical and unresolved feature of bladder cancer [@B31]. Recently, Zhong et al detected the circRNA expression profiles in bladder carcinoma by microarray assay and found that circRNA-MYLK and circTCF25 were markedly up-regulated in bladder cancer, suggesting their potential as biomarkers of bladder cancer diagnosis and therapy [@B37], [@B38]. Specifically, circRNA-MYLK levels were found to be positively related to the progression of stage and grade of bladder cancer. circRNA-MYLK was also shown to accelerate the proliferation and migration of cancer cells, the tube formation of human umbilical vein epithelial cells, and the rearrangement of cytoskeleton and EMT by directly interacting with miR-29a to attenuate its inhibition of its target, *VEGFA*. Similarly, up-regulated circTCF25 was shown to inhibit miR-103a-3p and miR-107 activity, thereby increasing CDK6 protein level and promoting proliferation and migration of bladder tumor cell lines [@B38]. Collectively, these studies suggest that circRNAs, including circRNA-MYLK and circTCF25, could serve as miRNA sponges to regulate tumorigenesis and could be novel biomarkers for diagnosis of bladder cancer (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

circRNAs might be also involved in breast cancer. Lu et al [@B41] found approximately 1155 differentially expressed circRNAs in breast cancer tissues by use of human circRNA array, among which 715 were up-regulated and 440 were down-regulated. The validation study demonstrated that hsa_circ_103116, hsa_circ_104689 and hsa_circ_104821 were up-regulated, while hsa_circ_006054, hsa_circ_100219 and hsa_circ_406697 were down-regulated, suggesting that these circRNAs might be useful biomarkers of breast cancer. Liang et al [@B42] further demonstrated that circ-ABCB10 was significantly up-regulated in breast cancer tissue. Loss-of-function experiments showed that circ-ABCB10 knock-down suppressed proliferation and induced apoptosis of breast cancer cells; however, miR-1271 rescued the function of circ-ABCB10 on breast cancer cells, confirming the sponge effect of circ-ABCB10 on miR-1271 and suggesting a key regulatory role of circ-ABCB10 in breast cancer pathogenesis [@B42] (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

circRNAs have also been verified as functionally involved in squamous cell cancer. Xuan et al [@B39] found approximately 698 differentially expressed circRNAs (302 up-regulated and 396 down-regulated) in 4 paired laryngeal squamous cell cancer tissues and adjacent nontumor tissues by microarray analysis. Among this set, up-regulation of hsa_circ_100855 was shown to be associated with T3-4 stage, neck nodal metastasis and advanced clinical stage of laryngeal squamous cell cancer tissues, while the down-regulation of hsa_circ_104912 was correlated to T3-4 stage, neck nodal metastasis, poor differentiation and advanced clinical stage. In addition, Xia et al [@B40] showed that hsa_circ_0067934 was up-regulated in esophageal squamous cell carcinoma tumor tissues and cell lines. Up-regulation of hsa_circ_0067934 was positively related to poor differentiation, I-II T stage and I-II TNM stage, while silencing of hsa_circ_0067934 by siRNA *in vitro* inhibited the proliferation and migration of esophageal squamous cell carcinoma cells and blocked cell cycle progression, suggesting that hsa_circ_0067934 promotes the proliferation of esophageal squamous cell carcinoma cells by regulating the cell cycle. These data indicate the potential for circRNAs being developed as novel biomarkers or/and therapeutic targets for the diagnosis and progression of squamous cell cancers (**Table [1](#T1){ref-type="table"}**,**Figure [2](#F2){ref-type="fig"}**).

Conclusion and Perspectives
===========================

circRNAs were previously considered splicing errors and, as such, did not receive much attention since their discovery in the 1970s. However, circRNAs are now understood to be ubiquitously expressed and to represent an abundant and stable class of RNA molecules with a range of activities, including miRNA sponging to indirectly regulate the expression of the miRNA targets involved in various physiological and pathological pathways. Recently, much evidence has been published to support the notion that a comprehensive profile of circRNAs expression is associated with tumorigenesis, with cancer type-specific distinguishments likely. In general, studies of the circRNAs characterized as related to human cancer support their development as biomarkers or therapeutic targets, and the research into such has already provided cues towards a better understanding of circRNA roles in cancer development and progression. Since the research field of circRNAs in cancers is still in its infancy, there are myriad avenues of study to elucidate the molecular and biological functions of circRNAs, including their interactions with specific miRNAs, mRNAs and proteins, which will comprise a regulatory network for cancer development and invasion, thereby providing more accurate diagnoses, prognoses and intervening targets to improve cancer outcomes.

As the field of circRNAs research is still in its infancy, the practical application of circRNAs in clinics remains a long road to walk. CircRNAs alone are not going to be sufficient as specific biomarkers for any particular cancer, as of yet. Although some studies have reported that certain circRNAs are specific for certain cancers, none of the studies have determined the level of these circRNAs in the other cancer types; this underlies the current suspect nature of the genuine specificity of these circRNAs for any singular specific cancer type. Theoretically, even if a circRNA might function as a sponge of a miRNA, that miRNA might target hundreds of genes [@B61], meaning that a circRNA may regulate hundreds of genes\' expression, and thus making it highly unlikely that it would be absolutely specific for a single cancer type. The greatest likelihood is that circRNAs are a common driving mechanism of oncogenesis or are a common by-/end-product of oncogenesis [@B62].

Nevertheless, circRNAs could still be also useful as cancer markers, although not for specific types of cancer. In clinic, the diagnosis of a specific cancer relies on a combination of data, including the clinical phenotypes and many clinical parameters. In this view, circRNAs could contribute to the diagnosis of certain cancers, provided it is used in combination with other biomarkers or parameters.

It will almost certainly be a long route to the practical application of circRNAs in clinics because, as of yet, the circRNAs have not been extensively and systemically investigated for diseases; of note, there is a dearth of data obtained from preclinical studies that would validate their association with cancers. In addition, a very important aspect of future research will be to determine where circRNAs are localized in the molecular pathogenic pathway, which will provide us more knowledge on cancers and on more potential interfering targets for such.
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![**Biogenesis of circRNA.** (A) Canonical splicing to form mRNA. (B) Lariat-driven circularization. First, a pre-mRNA is spliced, causing the 3\'-hydroxyl of the upstream exon to covalently bind to the 5\'-phosphate of the downstream exon. At the same time, the sequence between the exons becomes an RNA lariat, containing several exons and introns. Second, in the RNA lariat, the 2\'-hydroxyl of the 5\'-intron reacts with the 5\'-phosphate of the 3\'-intron, followed by the 3\'-hydroxyl of the 3\'-exon reacting with the 5\'-phosphate of the 5\'-exon. As a result, an RNA double lariat and a circular RNA are produced. Finally, some introns of the circular RNA are removed, producing an ecirRNA, EIciRNA, or ciRNA. (C) Intron pairing-driven circularization. The circular structure can be generated through direct base-pairing of the introns flanking inverted repeats or complementary sequences. The introns are removed or retained to form ecirRNA or EIciRNA. (D) RNA binding proteins (RBPs)-driven circularization. In this case, RBPs bind the upstream and downstream introns. The RBPs are attracted to each other, and form a bridge between the introns. The 2\'-hydroxyl of the upstream intron then reacts with the 5\'-phosphate of the downstream intron, which is followed by the 3\'-hydroxyl of the 3\'-exon reacting with the 5\'-phosphate of the 5\'-exon. Some introns of the circRNA are ultimately removed, producing an ecircRNA or EIcirRNA. CiRNAs, intronic circRNAs; ecirRNAs, exonic circRNAs; EIciRNAs, exon-intron circRNAs.](ijmsv16p0292g001){#F1}

![**Schematic diagram of the effects and the underlying mechanisms of circRNAs.** Mature circRNAs, such as the circ_MTO1, circ_TCF25, circ_MYLK, circ_001569, circ_ciRs-7, circ_ITCH and circ_13958, are released from the nucleus and can function as sponges for the indicated miRNAs, which regulate the respective target genes to promote or inhibit tumor proliferation and metastasis. Standard-shaped arrow, stimulation; T-shaped arrow, inhibition.](ijmsv16p0292g002){#F2}

###### 

Expression and function of circRNAs in different cancers

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Tumor type         CircRNA                                Research model                         Expression change                                                                               Function                                                                                                                                                                                                                                                                                  Mechanism                                                                                                                                                                                                                                                                                                              Ref
  ------------------ -------------------------------------- -------------------------------------- ----------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- --------
  GC                 Hsa_circ_002059                        GC tissue and plasma                   ↓                                                                                               Biomarker                                                                                                                                                                                                                                                                                 Hsa_circ_002059 levels were negatively related to TNM stage (*p* = 0.042), distal metastasis (*p* = 0.036), gender (*p* = 0.002), and age (*p* = 0.022); ROC curve was 0.73, sensitivity and specificity were 0.81 and 0.62, respectively.                                                                             [@B13]

  Hsa_circ_0001649   GC tissue and serum                    ↓                                      Biomarker                                                                                       Hsa_circ_0001649 levels were negatively correlated with pathological differentiation (*p* = 0.039); ROC curve was 0.834, sensitivity and specificity were 0.711 and 0.816, respectively.                                                                                                  [@B19]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_0014717   GC tissue and gastric juice            ↓                                      Biomarker                                                                                       Hsa_circ_0014717 levels were negatively correlated with tumor stage (*p* = 0.037), distal metastasis (*p* = 0.048), tissue carcinoembryonic antigen (*p* = 0.001), and carbohydrate antigen 19-9 expression (*p* = 0.021).                                                                [@B20]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_104916    GC tissue and cell lines               ↓                                      Tumor suppressor                                                                                Over-expression suppresses the migration and invasion of GC cells through alteration of the EMT process.                                                                                                                                                                                  [@B18]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_100269    GC tissue and cell lines               ↓                                      Tumor suppressor                                                                                Over-expression suppresses tumor cell growth by targeting miR-630.                                                                                                                                                                                                                        [@B21]                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  HCC                ciRS-7(cdr1as)                         HCC tissue                             ↑                                                                                               Biomarker                                                                                                                                                                                                                                                                                 ciRS-7 levels were positively correlated with age \<40 years (*p* = 0.02), serum AFP ≥400 ng/µL (*p* \< 0.01), and hepatic microvascular invasion (MVI) (*p* = 0.03); Median disease-free survival (DFS) time in the low ciRS-7 group was longer than that in the high ciRS-7 group (25 vs. 18 months).                [@B22]

  Hsa_circ_0005075   HCC tissue                             ↑                                      Biomarker                                                                                       Hsa_circ_0005075 levels were positively correlated with HCC tumor size (*p* = 0.042); ROC curve was 0.94, sensitivity and specificity were 0.833 and 0.900, respectively.                                                                                                                 [@B4]                                                                                                                                                                                                                                                                                                                  

  Circ-ITCH          HCC tissue                             ↓                                      Biomarker                                                                                       High expression of circ-ITCH was positively associated with favorable survival of HCC (HR = 0.45, 95% CI = 0.29-0.68; *p* value \< 0.001).                                                                                                                                                [@B23]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_0005986   HCC tissue and cell lines              ↓                                      Regulate cell cycle and proliferation                                                           Promote the G0/G1 to G2 phase transition in HCC cell line.                                                                                                                                                                                                                                [@B24]                                                                                                                                                                                                                                                                                                                 

  circ_MTO1          HCC tissue and cell lines              ↓                                      Tumor suppressor                                                                                Act as the sponge of oncogenic miR-9 to promote *p21* expression.                                                                                                                                                                                                                         [@B25]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_0004018   HCC tissue and cell lines              ↓                                      Biomarker;\                                                                                     Hsa_circ_0004018 level was negatively correlated with serum AFP level (*p* = 0.027), tumor diameter (*p* = 0.045), differentiation (*p* = 0.006), BCLC stage (*p* = 0.040), and TNM stage (0.029); ROC curve was 0.848, sensitivity and specificity were 0.716 and 0.815, respectively.   [@B26]                                                                                                                                                                                                                                                                                                                 
                                                                                                   Tumor suppressor                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_0001649   HCC tissue and cell lines              ↓                                      Promote HCC tumorigenesis and metastasis                                                        Up-regulate several matrix metallopeptidases (*MMP9*, *MMP10*, and *MMP13*).                                                                                                                                                                                                              [@B15]                                                                                                                                                                                                                                                                                                                 

  ciRS-7             HCC tissue and cell lines              ↑                                      Promote HCC proliferation and invasion                                                          ciRS-7 acts as an oncogene through targeting miR-7 and promoting HCC cell proliferation and invasion by regulating expression of the *CCNE1* and *PIK3CD* genes.                                                                                                                          [@B27]                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Lung cancer        Hsa_circ_100876                        NSCLC tissue                           ↑                                                                                               Biomarker                                                                                                                                                                                                                                                                                 Hsa_circ_100876 level was positively correlated with lymph node metastasis (*p* = 0.001) and tumor staging (*p* = 0.001) in NSCLC; Overall survival time of NSCLC patients with high hsa_circ_100876 expression was significantly shorter than for those patients with low hsa_circ_100876 expression (*p* = 0.000).   [@B28]

  Hsa_circ_0013958   LAC tissue\                            ↑                                      Promote cell proliferation and invasion and inhibit apoptosis of LAC cell lines                 Act as the sponge of miR-134 and subsequently up-regulate CCND1 protein.                                                                                                                                                                                                                  [@B29]                                                                                                                                                                                                                                                                                                                 
                     LAC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  CircRNA-ITCH       Lung cancer tissue and cell lines      ↓                                      Suppress lung cancer cell proliferation                                                         Act as sponge of oncogenic miR-7 and miR-214 to enhance *ITCH* expression and thus suppress the activation of Wnt/-catenin signaling.                                                                                                                                                     [@B30]                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  CRC                Circ-BANP                              CRC tissue and cell lines              ↑                                                                                               Regulate CRC cell proliferation                                                                                                                                                                                                                                                           Knock-down using siRNA targeted to circ_BANP suppressed CRC cell proliferation and reduced p-Akt protein expression, suggesting that the Akt pathway might be involved in the process of circ-BANP-induced cell proliferation.                                                                                         [@B31]

  CircRNA-103809     CRC tissue                             ↓                                      Biomarker                                                                                       CircRNA-103809 level was negatively correlated with lymph node metastasis (*p* = 0.021) and TNM stage (*p* = 0.011); ROC curve was 0.699 (*p* \< 0.0001).                                                                                                                                 [@B32]                                                                                                                                                                                                                                                                                                                 

  CircRNA-104700     CRC tissue                             ↓                                      Biomarker                                                                                       CircRNA-104700 level was negatively correlated with distal metastasis (*p* = 0.036); ROC curve was 0.616 (*p* \< 0.0001).                                                                                                                                                                 [@B32]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_001988    Colorectal tissue                      ↓                                      Biomarker                                                                                       Hsa_circ_001988 level was negatively correlated with differentiation (*p* \< 0.05) and perineural invasion (*p* \< 0.05); ROC curve was 0.788, sensitivity and specificity were 0.68 and 0.73, respectively.                                                                              [@B33]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_0000069   CRC tissue\                            ↑                                      Promote cell proliferation, invasion and migration                                              Knock-down of hsa_circ_0000069 notably induced G0/G1 phase arrest of cell cycle in CRC cells *in vitro*.                                                                                                                                                                                  [@B34]                                                                                                                                                                                                                                                                                                                 
                     CRC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  ciRS-7             CRC tissue\                            ↑                                      Over-expression of ciRS-7 resulted in a more aggressive oncogenic phenotype of CRC cell lines   Activate the EGFR/RAF1/MAPK pathway via suppression of miR-7 activity.                                                                                                                                                                                                                    [@B35]                                                                                                                                                                                                                                                                                                                 
                     CRC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  CircRNA-ITCH       CRC tissue\                            ↓                                      Over-expressed circRNA-ITCH inhibits CRC Cell proliferation                                     Act as sponge of miR-7 and miR-20a to enhance *ITCH* expression and thereby suppression of Wnt/β-catenin signaling activation.                                                                                                                                                            [@B14]                                                                                                                                                                                                                                                                                                                 
                     CRC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_001569    CRC tissues\                           ↑                                      Promote cell proliferation and invasion of CRC cells                                            Act as a miRNA sponge to directly inhibit miR-145, and subsequently up-regulate miR-145 targets *E2F5*, *BAG4* and *FMNL2.*                                                                                                                                                               [@B36]                                                                                                                                                                                                                                                                                                                 
                     CRC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Bladder cancer     CircRNA-MYLK                           Bladder cancer tissue and cell lines   ↑                                                                                               Promote tumorigenesis, EMT and metastasis                                                                                                                                                                                                                                                 Act as a sponge for miR-29a and activating the VEGFA/VEGFAR2 signaling pathway.                                                                                                                                                                                                                                        [@B37]

  CircTCF25          Bladder cancer tissue and cell lines   ↑                                      Promote cancer cell proliferation and migration                                                 Act as sponge of miR-103a-3p and miR-107, thus increasing *CDK6* expression.                                                                                                                                                                                                              [@B38]                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  LSCC               Hsa_circ_100855                        LSCC tissue                            ↑                                                                                               Biomarker                                                                                                                                                                                                                                                                                 Hsa_circ_100855 level was positively correlated with T classification (*p* = 0.006), lymph node metastasis (*p* = 0.003), primary location (*p* = 0.007), and clinical stage (*p* = 0.001).                                                                                                                            [@B39]

  Hsa_circ_104912    LSCC tissue                            ↓                                      Biomarker                                                                                       Hsa_circ_104912 level was negatively correlated with T classification (*p* = 0.010), differentiation (*p* = 0.039), lymph node metastasis (*p* = 0.020), and clinical stage (*p* = 0.008).                                                                                                [@B39]                                                                                                                                                                                                                                                                                                                 

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  ESCC               Hsa_circ_0067934                       ESCC tissue\                           ↑                                                                                               Promote proliferation and migration of ESCC cell lines                                                                                                                                                                                                                                    Promote the proliferation of ECSS cells by regulating cell cycle                                                                                                                                                                                                                                                       [@B40]
                                                            ESCC cell lines                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         

                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    

  Breast cancer      Hsa_circ_104689                        Breast cancer tissue                   ↑                                                                                               Biomarker                                                                                                                                                                                                                                                                                 ROC curve was 0.61, sensitivity and specificity were 0.57 and 0.55, respectively.                                                                                                                                                                                                                                      [@B41]

  Hsa_circ_104821    Breast cancer tissue                   ↑                                      Biomarker                                                                                       ROC curve was 0.60, sensitivity and specificity were 0.57 and 0.57, respectively.                                                                                                                                                                                                         [@B41]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_006054    Breast cancer tissue                   ↓                                      Biomarker                                                                                       ROC curve was 0.71, sensitivity and specificity were 0.65 and 0.69, respectively.                                                                                                                                                                                                         [@B41]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_100219    Breast cancer tissue                   ↓                                      Biomarker                                                                                       ROC curve was 0.78, sensitivity and specificity were 0.69 and 0.71, respectively.                                                                                                                                                                                                         [@B41]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_406697    Breast cancer tissue                   ↓                                      Biomarker                                                                                       ROC curve was 0.64, sensitivity and specificity were 0.63 and 0.63, respectively.                                                                                                                                                                                                         [@B41]                                                                                                                                                                                                                                                                                                                 

  Circ-ABCB10        Breast cancer tissue and cell lines    ↑                                      Promote breast cancer proliferation and progression                                             Act as sponge of miR-1271.                                                                                                                                                                                                                                                                [@B42]                                                                                                                                                                                                                                                                                                                 

  Hsa_circ_103110    Breast cancer tissue                   ↑                                      Biomarker                                                                                       ROC curve was 0.63, sensitivity and specificity were 0.63 and 0.63, respectively.                                                                                                                                                                                                         [@B41]                                                                                                                                                                                                                                                                                                                 
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Notes: ↑, up-regulated; ↓, down-regulated. AFP, alpha-fetoprotein; *ASAP1*, *ArfGAP* with SH3 domain, ankyrin repeat and PH domain 1; BCLC, Barcelona Clinic Liver Cancer; CDR1as, antisense to cerebellar degeneration-related protein 1 transcript, also as know CiRs-7; CRC, colorectal cancer; ESCC, esophageal squamous cell cancer; *FAF1*, Fas-associated factor 1; *FAM120A*, family with sequence similarity 120A; GC, gastric cancer; *KIAA0355*, encodes an uncharacterized protein; LAC, lung adenocarcinoma; LSCC, laryngeal squamous cell cancer; *NRIP1*, nuclear receptor interacting protein 1; NSCLC, non-small cell lung cancer; *RBM22*, RNA binding motif protein 22; ROC, receiver operating characteristic curve; *SMYD4*, SET and MYND domain containing 4; TNM, tumor-node-metastasis.
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